
Chemistry2710Spring2003Test2

Marks: 44

Aids allowed: Calculator. One81
2
� 11-inchpieceof papercontainingany informationyouneed.

No otherprintedmaterials(e.g.periodictables,calculatormanuals)areallowed.

Instructions: Answerall questionsin thebookletsprovided.

Note: Clarity maybeconsideredin evaluatingyouranswers.

1. Thefollowing rateconstantshavebeenmeasuredfor thereaction

HOBr � aq��� Br � � aq� � H � � aq�
k1

k � 1

�	�
�� Br2 � aq��� H2O � l � :

k1  1 � 6 � 1010L2mol � 2s� 1

k � 1  110s� 1

(Becausewateris presentin greatexcessandits concentrationdoesn’t vary during theex-
periment,the reversereactionbehaveslike a first-orderreaction.) From thermodynamics,
we cancalculatethat the equilibrium constantis 1 � 7 � 108L2 � mol2. Are the rateconstant
measurementsconsistentwith thermodynamics?[5 marks]

2. Thereaction2NO� g� � Cl2 � g��� 2NOCl� g� is thoughtto beelementary.1 Supposethat there
is initially no NOCl present,andthat the initial concentrationsof NO andof Cl2 have no
particularrelationship.Work out theintegratedratelaw for this reaction,right up to thestep
of takingtheintegral. Do not evaluate the integral. In otherwords,leaveyouranswerin the
form t �� b

a f � z � dz (wherez, f � z � , a andb have beenreplacedby appropriateexpressions,
of course).[10 marks]

1Yes, it’s anotheroneof thosesupposedlyrare termoleculargas-phaseelementaryreactions.There’s nothinga
physicalchemistlikesbetterthana goodexception,sothere’s a disproportionateamountof informationavailableon
termolecularreactions.
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3. Considerthemechanism

A
k1

k � 1

�	�
�� 2B �

B
k2�� C �

(a) Write down mass-actionrateequationsfor all threespecies.[3 marks]

(b) Determinetheoverall reaction.[2 marks]

(c) Supposethat the secondstepof the reactionis slow. Obtainanapproximateratelaw
which only involvestheconcentrationof A. [6 marks]

(d) Write down the integratedratelaw correspondingto theratelaw you obtainedin part
c. Discussbriefly how you would usethis integratedrate law to determinethe rate
constants,andwhat information you could or could not obtain by this method. Be
clearaboutwhat typeof experiment(s)you would carryout andhow you would treat
thedata.[8 marks]

(e) Sketch the trajectoriesfor this mechanismin the � a � b � phaseplane. Is your sketch
consistentwith theratelaw youobtainedin partc?Explainbriefly. [10 marks]

Hint: To plot thenullclines,you will find it convenientto solve for a asa functionof b
ratherthantheotherwayaround.
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